Abstract: There are few studies reporting the association between lifestyle and mortality among the oldest old in developing countries. We examined the association between food habits, lifestyle factors and all-cause mortality in the oldest old (ě80 years) using data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS). In 1998/99, 8959 participants aged 80 years and older took part in the baseline survey. Follow-up surveys were conducted every two to three years until 2011. Food habits were assessed using an in-person interview. Deaths were ascertained from family members during follow-up. Cox and Laplace regression were used to assess the association between food habits, lifestyle factors and mortality risk. There were 6626 deaths during 31,926 person-years of follow-up. Type of staple food (rice or wheat) was not associated with mortality. Daily fruit and vegetable intake was inversely associated with a higher mortality risk (hazard ratios (HRs): 0.85 (95% CI (confidence interval) 0.77-0.92), and 0.74 (0.66-0.83) for daily intake of fruit and vegetables, respectively). There was a positive association between intake of salt-preserved vegetables and mortality risk (consumers had about 10% increase of HR for mortality). Fruit and vegetable consumption were inversely, while intake of salt-preserved vegetables Nutrients 2015, 7 7563 positively, associated with mortality risk among the oldest old. Undertaking physical activity is beneficial for the prevention of premature death.
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Introduction
Living a long and healthy life is the ultimate goal for humans. Finding the secrets to longevity is a topic that has fascinated the scientist and non-scientist alike throughout the course of history. With advances in medicine and technology over recent decades, life expectancy has increased dramatically. Population ageing is now a global phenomenon especially in developed countries [1, 2] . For example, in 2013 the estimated proportion of people aged 60 years or older was 32% in Japan and 14% in China [3] . In China, there were 23 million people aged 80 years and over in 2013 [4] .
The determinants of longevity are not fully understood. It is commonly believed that multiple aetiologies (e.g., biological, environmental, and psychosocial factors) act together [5] [6] [7] . Lifestyle factors, such as physical activity, smoking, and food habits, play an important role [8] . However, much of the evidence is based on studies among populations in developed countries and with few people in the oldest age groups [9] [10] [11] [12] [13] . Studies on the oldest old often have had small samples and short follow-up duration [10] [11] [12] 14] and often suffer from selective healthier survivor biases.
Diet is one of the major determinates of health. The beneficial effects of fruit and vegetable intake are well known including a reduction in the risk of mortality [15] . However, whether these effects still exist in very old people is less studied. The association between the intake of staple food (e.g., rice and wheat) and health outcomes remains understudied in the general population including the very old. While high intake of rice increases the risk of diabetes [16] , it does not increase the risk of cardiovascular mortality and all-cause mortality in the general population [17, 18] . A low carbohydrate and high protein diet has been advocated for weight loss. However, such a diet has been found to be associated with increased risk of mortality [19] . Previous studies have not specifically assessed the association between staple foods and mortality among the elderly [20] .
The Chinese diet is characterized by a high intake of plant food and carbohydrate but low animal protein intake [21] . More than 80% of Chinese people aged 60 years and older have an intake of protein below the Chinese Dietary Reference Intake [22] . However, recent large epidemiological studies have found that a high intake of protein is associated with increased risk of mortality in the general population [19, 23, 24] . Whether a high intake of protein-rich food is protective against mortality among older Chinese is unknown.
Limited studies have assessed the association between food habits, lifestyle factors and mortality among the oldest old [25] . Using data from a large cohort of participants aged above 80 years, we aimed to study these associations.
Methods

Study Population
The study used data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS). A detailed description of the study population has been previously published [26, 27] . Briefly, in 1998 the baseline survey was conducted in 631 randomly selected counties and cities of 22 of China's 31 provinces. Participants were followed up in 2000, 2002, 2005, 2008, 2009 and 2011 . In total, 9093 participants participated in the 1998, 1999 baseline survey. In the analysis, we excluded 134 participants aged below 80 years, leaving 8959 participants for the current analysis. In total, 2206 (24.6%, 1169 urban, 1037 rural) participants were lost to follow-up during the study. The mean follow-up duration was 4.3 (S.D.˘2.9) years among those lost to follow-up. Table S1 shows the characteristics of those lost to follow-up. Those lost to follow-up were in general younger and more likely lived in an urban area.
This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects/patients were approved by Biomedical Ethics Committee of Peking University (IRB00001052-13074). All participants signed a consent form.
Data Collection and Measurements
Participants were interviewed in their homes by health workers using a standard questionnaire (available online: http://centerforaging.duke.edu/documentation). All the interviewers were intensively trained before the survey.
Dietary Measurements
Self-reported information on food consumption was collected through face-to-face interviews by trained research staff. The participants were asked to report their food frequency intake (both current and at the age of 60) of fruit, vegetable, meat, fish, beans, tea, garlic, egg and salt-preserved vegetables. Most of the frequencies were recorded as "almost every day" or "occasionally" or "rarely or never". The frequency of fruit and vegetable intake was recorded as "almost every day", "almost every day except in winter", "occasionally" or "rarely or never". In the analysis, we treated "almost every day except in winter" as almost every day.
Staple food pattern was assessed by the question "Please tell us the staple food you eat: (1) Rice, (2) Corn (maize), (3) Wheat (noodles and bread, etc.), (4) Other". Participants were also asked for the amount of staple food intake in liang per day (liang is a Chinese unit, equals to 50 g).
Healthy Lifestyle Score
A healthy lifestyle score was constructed based on three factors including daily intake of fruit, vegetable, and regular physical activity. A positive answer to each of the three lifestyle factors was given a score of 1. The maximum total score is 3.
Death Ascertainment
In each follow-up survey, information on deaths and indicators of pre-death health status were collected through interviews with a close family member.
Covariates
Cigarette smoking status was categorized into non-smokers (representing never smokers), ex-smokers and current smokers based on current and past history of smoking. The participants were asked whether they drink alcohol (yes/no) as well as the type and amount of alcohol they consumed. Information on regular physical activity was collected using question "Do you do exercise regularly at present, including jogging, playing ball, running and Qigong?" and recoded as yes or no. Participants were asked about whether they undertook a list of other eight activities including housework, growing vegetables/other field work, gardening, reading newspapers/books, raising domestic animals, playing cards and/or mah-jong, watching TV and or/listening to radio, and undertaking religious activities. A score was given to each activity based on weekly frequency: Almost every day (7), sometimes (3), never (0). A summary score of all these eight activities was created (range from 0 to 56) and recoded into quartiles. Education was grouped into four duration categories: 0 years, 1-5 years, 6-9 years, >9 years. Occupation before age of 60 was recoded into manual or non-manual based on a question with nine occupational categories. Participants were asked with whom they were living. The total number of chronic diseases was calculated as the sum of 13 conditions including hypertension, diabetes, heart disease, cardiovascular disease, bronchitis/emphysema/pneumonia/asthma, tuberculosis, cataracts, glaucoma, cancer, prostate tumour, gastric/duodenal ulcer, Parkinson's disease and bedsores. The Katz Activities of Daily Living (ADL) Scale was used to assess participants' disability [28] . Having difficulty performing any one or more of the ADL tasks (bathing, dressing, toileting, transfers, continence and eating) defined having an ADL disability.
Statistical Analysis
The Chi square test was used to compare differences in categorical variables and ANOVA in continuous variables. For each participant, person-years of follow-up were calculated from the date of the baseline survey to the date of death, lost to follow-up or the date of last follow-up in 2011, whichever came first. The association between food habits and lifestyle and all-cause mortality was analysed using Cox proportional hazard models, adjusting for multiple covariates. We provide both crude and adjusted hazard ratios (HRs). Two models assessed the association between food frequency intake and mortality. The first model controlled for age (continuous) and gender; the second model further adjusted for socio-demographic and lifestyle factors, job status before the age of 60, and residence (urban/rural). As the sample size in the full model was above 8300 (92.6% of the whole sample), we did not impute the missing data. In the sensitivity analyses we excluded those who died within the first year of the baseline survey or those having ADL disability. The proportional hazards assumption in the Cox model was assessed with graphical methods and with models including time-by-covariate interactions. In general, most of the proportionality assumptions were appropriate except meat intake, physical activity and other activities. Results from the Cox regression model with time-varying covariate were provided in addition to the conventional Cox regression.
We also used Laplace regression to model the association between food habits and lifestyle factors and median age at death (the age at which half of the participants had died and the other half were still alive), adjusting for other social demographic variables [29, 30] . Results were put alongside the findings from the Cox models for easy comparison and interpretation.
Tests for interactions between food intake and sex were conducted by adding a multiplicative term between sex and the food frequency intake in the fully adjusted models. Because there was no significant gender by food intake interaction, we only present combined results. Statistical significance was considered when p < 0.05 (two-sided). All analyses were performed using Stata 13 (Stata Corp., College Station, TX, USA). Table 1 shows the sample characteristics at baseline. The mean age of the participants was 90. There were 6626 deaths during 13 years of follow-up with 31,926 person-years. At the end of follow-up, the mean age was 97.6 (S.D.˘5.6) years for survivors and 96.5 (S.D.˘7.0) years for non-survivors. Each additional chronic disease was associated with 6% (95% CI (confidence interval) 3%-9%) increased risk of mortality.
Results
Staple food patterns were not associated with mortality (Table 2) . Compared with wheat as the staple food, the HRfor mortality of rice as the staple food was 1.01 (0.95-1.08). When we limited our analysis to those with rice as the staple food, there was an inverse association between rice intake and mortality in the multivariable model (adjusted for the same covariates as the multivariable model in Table 2 ) with HR of 0.98 (95% CI 0.97-0.99) for every 50 g of rice intake. No association between wheat intake and mortality was found among those with wheat as the staple food.
In the fully adjusted model, undertaking physical activity was associated with a 27% (95% CI 23%-32%) lower risk of mortality as compared with no physical activity (Table 3) . Among all the lifestyle factors, physical activity had the highest effect on the differences of median age at death (1.18 years 95% CI 0.95-1.41). Women had about 20% lower risk of mortality than men. Having a manual job before the age of 60 years was associated with 37% increased risk of mortality as compared with those with a non-manual job. Participating in other activities was inversely associated with all-cause mortality (Table S2) . In the full multivariable model, compared with non-consumers, daily fruit (HR 0.85 (95% CI 0.77-0.92)) and vegetable intake (HR 0.74 (95% CI 0.66-0.83)) were inversely associated with all-cause mortality (Table 3 ). In the fully adjusted model, the amount of alcohol was not associated with mortality (data not shown). The associations remained after excluding those died within one year of follow up.
In univariate analysis, there was an inverse association between daily bean intake and mortality. However, this inverse association turned to a positive association after adjusting for age and gender. In a parsimonious model (adjusted for the same covariates as the multivariable model in Table 2 ), the HR (95% CI) for mortality were: 1.11 (1.04-1.18) for occasional bean intake and 1.07 (0.99-1.15) for daily bean intake. Comparing bean consumers with non-consumers, the HR for mortality was 1.10 (1.03-1.17) (p = 0.004). Figure 1 shows the results of Cox regression with time-varying interaction with meat and physical activity. Meat frequency intake was inversely associated with mortality. However, the effect decreased with time. When we further stratified the analyses by chronic disease status, most of the associations were similar between those with or without chronic disease ( Figure S1 ). However, an inverse association between non-smoking and mortality was only seen among those with chronic diseases. A positive association between alcohol drinking and mortality was found among those with chronic disease (HR 1.11 95% CI 1.01-1.21) but not those without chronic disease.
Kaplan-Meier survival curve shows a clear difference in the proportion of survival according to vegetable intake ( Figure S2 ). In the fully adjusted Laplace regression models, median age at death for participants who ate vegetables daily was about 0.6 years older than those who did not eat vegetables (difference in median age at death 0.60 (95% CI 0.28-0.91) years. Participants who consumed fruit daily survived a median of 0.39 (95% CI 0.07-0.69) years longer than those who never ate fruit.
In general, results from the Cox regression and the Laplace regression are similar. Discrepancies were seen for salt-preserved vegetable and fish intake with the two different methods. However, the directions of the associations in the two models were the same. Daily intake of fish seemed to be beneficial for survival in the Laplace regression model. Consumption of salt-preserved vegetables was associated with increased risk of mortality. Figure 2 shows the median differences in survival by the healthy lifestyle score. There was a dose response relationship between the healthy lifestyle score and survival. Compared with those who had a lifestyle score of zero, those who scored three had two years longer median survival. Among those with one or more chronic diseases, smoking was associated with 0.5 years shorter survival than non-smoking. Excluding those with follow-up less than one year or having ADL disability did not change the main findings (data not shown). Among those with chronic conditions, smokers had shorter median survival as compared with non-smokers. 
Discussion
In this first cohort study on nutrition, lifestyle and mortality in China focusing on the oldest old, we found food habits are related to mortality risk. While fruit and fresh vegetable intake were inversely associated with mortality risk, salt preserved vegetable intake was associated with increased risk of mortality. High frequency intake of protein rich food including meat, fish, bean and egg was not protective against mortality risk.
Consistent with previous studies [25] , we found that women had lower mortality risk than men, and that undertaking physical activity, and having a non-manual job before 60 years of age were positively associated with survival. Non-smokers had a reduced risk of mortality compared to smokers. However, the HRs for mortality were similar between current and ex-smokers. As we did not have information of age of quitting smoking, we were not able to further investigate this association.
The beneficial effects of fruit and vegetable are well known. In a recent systematic review, intake of fruit and vegetable was found to be associated with reduced risk of mortality [15] . Our findings extend the evidence of the beneficial effects of fruit and vegetable intake to the oldest old.
In the general population, high protein intake has been found to be associated with increased risk of mortality [19, 23, 24] . It is commonly believed that the elderly need more protein. The prevalence of inadequate intake of protein is high in Chinese elderly [22] . However, in this study we found that high 
In the general population, high protein intake has been found to be associated with increased risk of mortality [19, 23, 24] . It is commonly believed that the elderly need more protein. The prevalence of inadequate intake of protein is high in Chinese elderly [22] . However, in this study we found that high frequency intake of protein rich food including fish, bean and eggs were associated with increased mortality. A high intake of egg may be associated with cholesterol intake and thus diabetes [31, 32] . Discrepancies were found between the Cox regression and the Laplace regression in the association between fish intake and mortality.
Staple food intake was not related to mortality. The mean intake of staple food was around 6 liang (300 g/day). This intake is much higher than that of Western countries. Neither high intake of rice nor wheat flour is related to the risk of mortality in our study. This result is in line with findings from two large Japanese studies [17, 18] and a regional study in China [33] . Rice intake may increase the risk of diabetes, although it does not increase the risk of cardiovascular disease (CVD) mortality. High dietary glycemic index was inversely related to mortality in men [34] . However, due to the lack of information of energy intake, caution needs to be taken when interpreting our results.
In China, there is an unwavering belief in the benefits of vegetables and tofu (as shown by the old Chinese saying "vegetables and tofu keep you healthy"). Consequently, it is not surprising that as many as 80% of the elderly ate beans. What was surprising however was our finding of an increased risk of mortality among bean eaters as compared with non-bean eaters. It could be that elderly with chronic disease may have changed their dietary habits by increasing bean intake. However, even adjusting for the number of chronic diseases the above association still existed. Whether the way the beans were grown and cooked could explain the link remains to be studied. In the study, we are not able to separate the intake of different types of beans/bean products.
We found that the intake of salt-preserved vegetables (occasionally or daily) was associated with about 10% increased risk of all-cause mortality. This finding is consistent with current knowledge. Salt-preserved vegetables have high levels of sodium. It is known that high sodium intake increases the risk of hypertension and CVD. Pickled vegetable intake has previously been shown to increase the risk of cancer [35] . In this study, about 20% of the elderly reported that they had a daily intake of salt-preserved vegetables. However, it is not valid to conclude that as one in five of the oldest old consumed salt-preserved vegetables, it should be a component of healthy lifestyle as suggested by one study in China [36] . Such a claim is misleading and harmful. Limiting salt-preserved vegetable intake and replacing with fresh or other forms of preserved vegetables should be encouraged.
Our study suggested the additive benefits of healthy lifestyle factors. Having three healthy lifestyle factors (daily intake of fruit, vegetable and having physical activity) was associated with a two-year increase in survival among this oldest old cohort. This finding is consistent with previous studies on healthy lifestyle and mortality among elderly in developed countries [20, 25] . It provides strong evidence for promoting fruit and vegetable consumption as well as physical activity among the elderly.
The study has several limitations. Firstly, we only have self-reported information on frequency intake of most of the food items. No detailed dietary intake information was collected including the amount of fruit, vegetables and other foods. Secondly, the death information was based on interviews with family members. No death record review by doctors was undertaken. We thus did not further investigate the association between food habits and cause-specific mortality. Thirdly, as those who had a poorer diet or lifestyle in their middle years may have died before the inception of the cohort, selective healthier survivor biases are likely in studies conducted only in very old subjects. About 25% of the cohort has been lost to follow-up. However, most of the lost to follow-up were due to city construction and moving of living places. This may not generate substantial bias. Data was not available on height; thus, body mass index (BMI) could not be calculated and only weight was modeled as a potential confounder. Chronic diseases were self-reported. It may explain why among such an older cohort the mean number of chronic diseases was less than one. Therefore, after adjustment for chronic diseases, some residual confounding may still persist in the association between food intake (which is obviously related to disease patterns) and mortality. Finally, as the study population is mostly non-obese, the associations identified in the study may be different for overweight and obese older people. The strength of the study is the large sample size and long duration of follow-up. The findings can be generalized to the elderly population in China.
Conclusions
Diet and lifestyles are related to mortality among Chinese people aged 80 years and above. Frequency intake of fruit and vegetable is inversely, but salted vegetable is positively associated with all-cause mortality. Undertaking physical activity is beneficial for the prevention of pre-mature death. Future studies on overall dietary patterns based on multiple 24-hour food records and mortality are warranted. While promoting the consumption of vegetable for health, limiting the consumption of salted vegetable should be emphasized.
